Background and Objectives: Geographic distribution of hypertension management in Korea has never been reported. We investigated temporal and regional trends of hypertension management in Korea. Methods: For each calendar year from 2002 to 2016, we identified 2,423,245 to 7,549,989 persons aged ≥30 years treated for hypertension (total 80,564,109 cases). We calculated yearly age-sex standardized rates for medication adherence, combination therapy, blood test, and urine test according to geographic regions. We then used multivariate logistic regression to calculate odds ratios for hypertension management adjusted for individual-level sociodemographic factors. Results: Adherence rates have markedly increased from 24.4% (2002) to 71.6% (2016) nationwide. Regional difference was prominent in 2002 (highest, 31.7% in Seoul; lowest, 14.4% in Jeonbuk), but has become less noticeable over 15 years (highest, 73.1% in Daejeon; lowest, 69.0% in Jeonnam, 2016). Combination therapy rates increased from 42.8% (2002) to 61.0% (2011), but are in decreasing trend after 2011. Blood test rates were 58.8% in 2016, whereas urine test rates have been stagnant below 50% across all regions. Geographic variations of combination therapy and complication screening rates were not profound. Results from multivariable logistic regression, adjusted for age and sex, were in agreement with trends observed by standardized rates. The odds ratios remained unchanged when the models were further adjusted for employment status and household income. Conclusions: Regional difference in hypertension management was evident in the past, but has become less apparent over the last 15 years in Korea.
INTRODUCTION
Hypertension is a major risk factor for cardiovascular morbidity and mortality worldwide. 1) Although effective blood pressure (BP)-lowering medications have been developed, awareness and control for hypertension often differ by various sociodemographic factors.
METHODS

Data source
We constructed a nationwide repeated cross-sectional dataset of calendar years 2002 to 2016 from the NHIS database, which includes de-identified records of the entire Korean population. NHIS offers National Health Insurance (NHI) program for 97% of the population, and Medical Aid for the remaining 3% with financial needs or under special provision (e.g., national meritorious persons). The NHIS database contains claims and diagnoses, coded with International Classification of Disease, 10th edition (ICD-10), as well as individual-level sociodemographic details, including residential area. 14) The study protocol was approved by the Institutional Review Board of Severance Hospital, Yonsei University Health System, Seoul, Korea (approval No. 4-2017-0322) , and the requirement for informed consent was waived.
Study population
For each calendar year, we identified all individuals, aged 30 years or more, claimed for primary hypertension (ICD-10: I10) and antihypertensive medication (Supplementary Table 1 ). We excluded persons with incomplete geographic, sociodemographic, or hospital information-e.g., foreigners, military personnel, Medical Aid beneficiaries, etc. The same individual could be included in multiple calendar years, but would contribute only one observation per year included. The final dataset included a total of 80,564,109 observations (2,423,245 to 7,549,989 persons in 2002 to 2016) , and the population size in each calendar year are summarized in Supplementary Table 2.
Regional and sociodemographic information
There are 8 metropolitan cities (Seoul, Busan, Daegu, Incheon, Gwangju, Daejeon, Ulsan, and Sejong) and 9 provinces (Gyeonggi, Gangwon, Chungbuk, Chungnam, Jeonbuk, Jeonnam, Gyeongbuk, Gyeongnam, and Jeju) in South Korea. For analytical purpose, we merged Sejong city with Chungnam province, since Sejong was named a metropolitan city only after 2012. Seoul is the capital city; together with adjacent regions, Seoul, Incheon, and Gyeonggi are considered capital area. Metropolitan cities and provinces comprise municipal divisions: si, gun, or gu. Further submunicipal divisions include dong as a unit of urban area; and eup -myeon -ri as units of rural area. For each individual, urbanization level of residential area was categorized as metropolitan, urban, or rural according to the aforesaid regional units. Working status was categorized into either employed or self-/ non-employed. As a proxy for household income, we used insurance premium, determined by salary and asset information. We classified household income into quartiles, excluding Medical Aid.
Indicators of hypertension management
Quality of hypertension management was assessed for each calendar year. We used three indicators-adherence rate, combination therapy rate, and complication screening rateeach of which was calculated as percentage among treated patients. Adherence to treatment was defined as being prescribed antihypertensive medication for ≥290 days (80%) in a given year. Presence of multiple antihypertensive classes in a single prescription was regarded as combination therapy. Identification of antihypertensive regimen, duration, and the hospital prescribing the medication followed the protocol developed for the Korea Hypertension Fact Sheet. 13) Complication screening rates were calculated for blood chemistry (as serum creatinine test) and proteinuria test (as random urinalysis and/or urine microalbumin test), separately. Presence of at least one claim for a particular test was considered screened in a given year.
Statistical analysis
Population characteristics were reported as frequency and percentage, or median and interquartile range. For each calendar year, hypertension management rates were directly age-sex standardized to the 2016 population. We chose four representative years of 4-or 5-year intervals (2002, 2006, 2011, and 2016) , and visualized the geographic distribution of hypertension management on a map. We then used logistic regression to calculate odds ratio (OR) and 95% confidence interval (CI), for each indicator of hypertension management, according to geographic region and urbanization level, in each representative year. Multivariable logistic model was adjusted for age, sex, employment status, and household income quartiles. All analyses were performed using SAS version 9.4 (SAS Institute Inc., Cary, NC, USA) and R version 3.4.4 (R Foundation for Statistical Computing, Vienna, Austria; http://www.R-project.org).
RESULTS
Subject characteristics
In 2002, a total of 2,423,245 individuals were treated for hypertension, and the number of treated patients gradually increased, reaching 7,549,989 in 2016 ( Table 1) . The proportion of male sex and employed workers among treated patients increased over time. The geographic distribution of patients remained largely unchanged, but an increasing proportion of patients living in non-metropolitan urban areas was observed. Regarding antihypertensive drug classes, the use of angiotensin II receptor blockers abruptly increased, from 12.9% in 2002 to 68.6% in 2016, while the use of beta-blockers or angiotensin-converting-enzyme (ACE) inhibitors declined over time. The percentage of dual therapy continuously increased, whereas the percentage of using 3 or more classes peaked at 2011 (20.1%) and started decreasing. The proportion of patients adherent to antihypertensive treatment was 24.3% in 2002, but markedly increased reaching 71.6% in 2016. The proportion of patients screened for complications also increased over time, although not dramatically. 
Management of hypertension by geographic region
Yearly standardized rates of adherence, combination therapy, and complication screening by capital/non-capital region or urbanization level are plotted in Figure 1 . The same indicators in four representative years were map-visualized in Figure are provided as supplements (Supplementary Tables 3-6 ). In 2002, age-sex standardized adherence rates were 29.1% in the capital region, and 28.2% in metropolitan cities (31.7% in Seoul, 27.6% in Daegu, descending), whereas adherence rates in rural areas, especially in the southern provinces, were below 20% (14.4% in Jeonbuk, 15.6% in Jeonnam, 18.6% in Gyeongnam, ascending) . In 2006, adherence rate in Seoul reached 56.3%, but southern regions, including Jeonnam and Jeonbuk, showed adherence rates below 45%. By 2011, all regions reached adherence rates above 60%, and in 2016, above 65% (highest, 73.1% in Daejeon; lowest, 69.0% in Jeonnam).
Combination therapy and complication screening rates were less heterogeneous across regions. In 2002, the highest combination therapy rate was 48.6% in Busan, followed by 46.4% in Gangwon, while the lowest rates were 37.0% in Jeonnam and 39.5% in Gwangju. By 2011, most regions reached 60% combination therapy rate (highest, 64.6% in Gangwon), but the rates showed decreasing trend thereafter, especially in metropolitan cities (lowest, 56.5% in Seoul and Daegu, 2016) . As for complication screening, blood test rates increased from 39.3% to 58.8% nationwide, whereas urine test rates remained below 50% across all regions (lowest, 40.9% in Ulsan, 41.8% in Gyeongbuk, 2016) . When stratified by sex, women, especially those living in non-capital or rural area, had lower rates of hypertension management compared with men in 2002. However, adherence rate and complication screening rate in women exceeded those in men over time. Combination therapy rate, on the other hand, remained lower in women. The pattern of hypertension management according to regional characteristics were similar in both sexes (Supplementary Figure 1) .
In multivariable logistic regression at individual level (Tables 2-5 ), the odds for being adherent to antihypertensive treatment in most provinces were less than 60% of that in Seoul, when adjusted for age and sex, in 2002 (lowest in Jeonbuk: OR, 0.36; 95% CI, 0.36-0.37; Finally, as some patients may visit out-of-region hospitals, we also calculated adherence rate and combination therapy rate according to geographic region and characteristics of the hospital prescribing the medications (Supplementary Figures 2 and 3) . improved and exceeded that of tertiary hospitals in 2008 and thereafter (primary, 74.7%; tertiary, 70.1%; in 2016) . In case of combination therapy rate, the overall trend of rise and fall was observed in all three hospital types, but the decline after 2011 was more rapid in secondary and tertiary hospitals than in primary clinics.
DISCUSSION
In this nationwide study of persons treated for hypertension in Korea, we observed a trend of diminishing regional variation in hypertension management from 2002 to 2016. The largest inter-regional difference in the OR for medication adherence decreased from 64% in 2002 to 20% in 2016; and for combination therapy, from 45% in 2002 to 27% in 2016. Geographic distributions of complication screening rates were less heterogeneous. Of note, this is the first study to describe regional difference of hypertension management in Korea. Given that the NHI was universally implemented by 1989, finding of such low adherence rates and large regional differences in the early 2000s is interesting, as is the rapid improvements made thereafter.
Adherence rates have substantially increased nationwide, reaching 70% in most regions by 2013. On the other hand, the recent decreasing trend of combination therapy rate is quite unexpected. While dual therapy rates are constantly increasing, triple (or higher) therapy rates have been slowly decreasing across all regions after 2011. As we do not have data on achieved BPs, it is unclear whether this trend reflects less intensive BP control, less need for triple therapy to achieve target BP, or a greater influx of new patients with initial single or dual therapy. In the Korean National Health and Nutrition Examination Survey (KNHANES), 1998-2016, the rate of BP control below 140/90 mmHg have plateaued at 70% among treated patients after 2010. 13) However, information on antihypertensive regimen was not available in KNHANES. In the early-to mid-2010s, results from the Action to Control Cardiovascular Risk in Diabetes blood pressure (ACCORD BP) trial 15) and the subsequent 2013 European Society of Hypertension (ESH)/European Society of Cardiology (ESC) 16) and the 2014 Eighth Joint National Committee (JNC-8) 17) hypertension guidelines de-emphasized the importance of intensive BP lowering. The impact of such guidelines may have been reflected in this decreasing trend of combination therapy after 2011, especially in secondary and tertiary hospitals. In this regard, it would be interesting to see the impact of Systolic Blood Pressure Intervention Trial (SPRINT) 18) and the recent 2017 American College of Cardiology/American Heart Association 19) and 2018 ESC/ESH 20) guidelines on combination therapy rate in Korea in the near future.
For complication screening, The Korean Society of Hypertension recommends annual testing for proteinuria, and blood chemistry, including creatinine and electrolytes. 21)22) Blood test rates have modestly improved, but still remains below 60% in most regions. Urine test rates have been stagnant below 50% across all regions. Particularly, urine microalbumin tests are done in less than 30%, with no improvement over 15 years. Measurement of random urine albumin-to-creatinine ratio, for screening glomerular injury, should be more advocated as per international guidelines. 19)20) The reason for regional variation in hypertension management is not entirely understood. A British study on hypertension treatment found attenuated regional effect when adjusted for sociodemographic factors including employment, education, etc.
6) However, the study compared London with the rest of England, rather than inter-comparing regions or districts. Another study using small spatial units in Germany suggested areal deprivation to be associated with disease distribution. 10) In our study, geographic effect on hypertension management remained unchanged, even after serial adjustment for individual-level sociodemographic variables, although lifestyle factors were not included in the model. In this regard, the large regional difference in the early 2000s, as well as its resolution, may be related to regional characteristics or infrastructures, rather than individual-level risk factors.
Our study has some notable strengths. Using a nationwide database of the entire Korean population, we captured nearly all cases of treated hypertension, providing representative indicators that may be useful for local governments and policymakers. Importantly, these indicators of hypertension management, as well as other covariates, were derived from objective data rather than self-report. Furthermore, individual-level data on residential areas, sociodemographic factors, and healthcare utilization were available. However, our study also has some limitations. First, diagnosis of hypertension was based on medical claims rather than clinical information. Definition of hypertension using administrative data has been well reviewed elsewhere. 23) However, the true prevalence of hypertension cannot be determined, and individuals untreated or with no healthcare utilization would not be identified by claims data. Second, analyses on smaller regional units were not done. Aggregate figures are weighed more on populous subunits, and thus may underrepresent less inhabited areas. Using smaller areal units, with smoothing methods, 24) would achieve a finer geospatial assessment, but would deviate from our purpose of providing useful indicators at provincial level. Third, in the logistic model, temporal and geospatial effects were analyzed separately rather than simultaneously. Therefore, inference on the change of geospatial effect over time cannot be made, and would instead require a multilevel approach. Fourth, lifestyle factors and other unmeasured confounders may have contributed to geographic variations at individual level. Lastly, this study excluded Medical Aid beneficiaries, and thus should be interpreted accordingly.
In conclusion, geographic variation of hypertension management in Korea had been concerning, but the difference has become less apparent over the last 15 years. Adherence rates have plateaued above 70% nationwide. Recently decreasing trend of combination therapy rates should be noted, but its clinical implication is yet unclear. Finally, there is still room for improvement in complication screening, especially for proteinuria. Table 3 Crude and standardized adherence rates by geographic region and calendar year Click here to view Supplementary Table 4 Crude and standardized combination therapy rates by geographic region and calendar year Click here to view Supplementary Table 5 Crude and standardized blood test rates by geographic region and calendar year Click here to view Supplementary Table 6 Crude and standardized urine test rates by geographic region and calendar year Click here to view
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Age-standardized rates of hypertension management stratified by sex.
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